Abstract An atherogenic dyslipidemia, characterized by increased plasma triglyceride and apolipoprotein (apo) B levels, low HDL-cholesterol concentrations and the development of small, dense LDL particles has been associated with the presence of abdominal-visceral obesity. Visceral obesity is also associated with a hypercoagulate state and elevated concentrations of procoagulant factors such as factor VII. Moreover, it is known that some genetic variants in the gene encoding factor VII alter its activity and concentration, and consequently these variants may have an impact on atherosclerosis development. The objective of this study was to verify whether the factor VII R353Q polymorphism contributes to predict the risk of an atherogenic dyslipidemia in absence and in the presence of visceral obesity. A sample of 299 French-Canadian men, selected in order to cover a wide range of body fatness values, participated in this study. We observed that the R353 allele was more commonly observed among men characterized by apo B levels below 1.09 g/l than among men with apo B levels greater or above this threshold value (allele frequency of 92.1 vs 85.4%, v 2 =6.18, P=0.01). Multivariate analyses further showed that the genotype R353/R353 was associated with a lower risk to exhibit atherogenic concentrations of total-apo B ( ‡1.09 g/l) and LDL apo B ( ‡0.95 g/l) before (odds ratio:0.47, 95%CI=0.27-0.90, P=0.02; odds ratio: 0.46, 95%CI=0.25-0.85, P=0.01, respectively) and after adjustments for age and visceral AT (odds ratio:0.49, 95%CI=0.24-0.91, P=0.02; odds ratio:0.44, 95%CI=0.23-0.85, P=0.01, respectively). When the two genotype groups were further divided on the basis of visceral adipose tissue (AT) accumulation using a cutoff point of 130 cm 2 , we observed that R353/R353 homozygotes with low visceral AT were characterized by a more favorable lipoprotein-lipid profile, mainly lower total-cholesterol, total-apo B, and LDL-apo B levels compared with R353/R353 homozygotes with high levels of visceral AT. In contrast, irrespective of obesity, plasma lipid levels among carriers of the Q353 allele were similar to those of viscerally obese men homozygous for the R353 allele. In conclusion, results of the present study suggest that the factor VII R353 allele is associated with lower concentrations of plasma apo B levels. However, the presence of visceral obesity abolishes this effect. Further studies will be necessary to confirm this association and the mechanism involved.
Introduction
An atherogenic dyslipidemia, characterized by increased plasma triglyceride and apolipoprotein (apo) B levels, low HDL-cholesterol concentrations and the development of small, dense LDL particles has been associated with the presence of abdominal-visceral obesity (Despre´s et al. 1989; Pouliot et al. 1992; Despre´s 1994; Lamarche et al. 1999 ). Visceral obesity is also associated with insulin resistance, a hypercoagulate state as well as with elevated concentrations of procoagulant factors such as fibrinogen, factor VII, Von Willebrand factor and plasminogen activator inhibitor-1 (Avellone et al. 1994; Bavenholm et al. 1995; Vambergue et al. 2001 ). This constellation of metabolic alterations is believed to play an important role in the increased risk of coronary heart disease (CHD) associated with visceral obesity (Peiris et al. 1989; Despre´s 1992; Despre´s et al. 1990 Despre´s et al. , 1996 .
Because thrombosis is an essential contributor to the risk of an acute coronary event (Fuster et al. 1992) , alterations of plasma coagulation factors activity have been associated with a higher risk of ischemic heart disease (Vaisanen et al. 1995) . The coagulation cascade consists of series of reactions where several coagulation factors are successively activated. Factor VII, a vitamin-K-dependent glycoprotein, plays a key role in the pathway, and its activation depends on mediators such as factors XIIa, Xa, IXa, calcium ions, phospholipids and tissue factor (TF) (Rao and Rapaport, 1988) . With its obligatory cofactor, TF, the factor VII is the major trigger for the coagulation cascade. Increased factor VII clotting activity has been observed in plasma of individuals with increased risk of fatal CHD (Heinrich et al. 1994; Kjalke et al. 2000; Miller et al. 1996) . The Northwick Park Heart Study (NPHS) has also shown that raised plasma factor VII coagulant activity is associated with an increased risk of ischemic heart diseases, particularly for events occurring within five years (Meade et al. 1986) . It is known that some genetic variants in the gene encoding factor VII alter its activity and concentration. Consequently, these variants may have an impact on atherosclerosis development. The factor VII R353Q polymorphism is caused by the substitution of a guanine to an adenine in exon 8, at position 10976 of the gene (Green et al. 1991 ). Green and co-workers have suggested that the polymorphism R353Q affects the catalytic properties of the factor VII and/or the intracellular and extracellular processing of the molecule (Green et al. 1991) . Several studies have also reported a strong association between a common missense mutation of the factor VII (R353Q) and factor VII levels (Green et al. 1991; Lane et al. 1992; Saha et al. 1994; Pankow et al. 1998; de Maat et al. 1997; Hunault et al. 1997) . The presence of factor VII R353Q variant is likely to reduce an individual risk of thrombosis and myocardial infarction without producing bleeding problem (Green et al. 1991) .
The objective of this study was to verify, first, whether this polymorphism is associated with an atherogenic dyslipidemic state and then, whether the presence of visceral obesity could modulate this possible association.
Subjects and methods

Subjects
A total of 299 men recruited from the greater Quebec City area and selected in order to cover a wide range of body fatness values participated to this study. These men were all non-smokers and free of metabolic disorders such as hypertension, type-II diabetes and coronary heart disease. None of them was using medication known to affect insulin action, coagulation or plasma lipoprotein levels.
Since these men were recruited in order to cover body fatness values, with the objective of studying obesity-related metabolic complications, slight alterations of the lipoprotein/lipid profile as well as the pro-thrombotic/pro-inflammatory profile may be observed. However, none of them had severe dyslipidemia, such as hypercholesterolemia or type-III dysbetalipoproteinemia. Solicitation was made through the media. This study received the approval of the Ethic committee of Laval University.
Anthropometric measurements
Waist and hip circumferences, body weight and height were measured following standardized procedure (Van der kooy and Seidell 1993). Visceral adipose tissue (AT) area was measured by computed tomography on a Siemens Somatom DRH scanner (Erlagen, Germany), as previously described (Despre´s et al. 1991; Ferland et al. 1989 ).
Lipoprotein, lipid measurements
Blood cholesterol and triglyceride concentrations were enzymatically measured on a Technicon RA-500 analyser (Bayer Corporation, Tarrytown, N.Y.). VLDL was isolated by ultracentrifugation (d<1.006 g/ml) and the HDL fraction was obtained after precipitation of LDL in the infranatant (d>1.006 g/ml) with heparin and MnCl 2 (Moorjani et al. 1987) . Apo B concentrations were measured in plasma and infranatant (LDL-apo B; d>1.006 g/ml) by the rocket immunoelectrophoretic method of Laurell (1966) , as previously described (Moorjani et al. 1987) . Serum standards were prepared in our laboratory, calibrated against reference sera obtained from the Center for Disease Control (Atlanta, Ga.) which had been lyophilized, and stored at )85°C until use.
Glucose and insulin measurements
Plasma glucose was enzymatically measured (Richterich and Dauwalder 1971) and plasma insulin levels were assessed by radioimmunoassay with polyethylene glycol separation (Desbuquois and Aurbach 1971).
Genotype determination
The factor VII R353Q genotyping has been done using the method previously published by Saha et al. (1994) .
Statistical analysis
In order to reduce the skewness of their distribution, triglyceride, VLDL-apo B, HDL-cholesterol, VLDL-cholesterol, fasting glucose and insulin levels were log 10 -transformed prior to analysis. Student's t-test was used to perform comparisons between the two genotype groups. The gene-counting method with a v 2 -test was used to compare the frequency of the different alleles between different groups. Multivariate estimation of the risk to exhibit some metabolic disorders of dyslipidemia was studied before and after adjustments for age and for age and visceral AT. The Pearson correlation product coefficient was used to quantify relationships between variables within each genotype group before and after adjustment for age. Then, to study how the obesity could modify the effect of genotype on the lipoprotein/lipid profile, subjects were further classified on the basis of visceral AT area. A value of 130 cm 2 of cross-sectional visceral AT area was used to identify subjects with elevated versus low visceral AT accumulation as it was previously reported that men with visceral AT accumulation greater than this value were frequently characterized by a cluster of metabolic abnormalities increasing the risk of cardiovascular disease (Despre´s and Lamarche 1993) . Comparisons among subgroups were performed using an ANOVA analysis in order to quantify the effect of the genotype itself and the effect of visceral AT. The Duncan multiple-range comparison test was used in cases where a significant group effect was noted. Analysis of covariance was also used to adjust variables for age and the differences between the groups were known with the LSMEANS procedure. These statistical analyses were performed with the SAS statistical package (SAS, Cary, N.C.).
Results
In the sample of 299 French-Canadian men studied, the relative frequency of the Q353 allele was of 0.11 and in agreement with the Hardy-Weinberg equilibrium. As shown in Table 1 and Table 2 , the two genotype groups were similar for age, weight, BMI, waist circumference, the amount of visceral AT, fasting plasma glucose and insulin levels, as well as for plasma lipoprotein/lipid values. A trend toward higher plasma total-cholesterol levels was observed in carriers of the Q353 allele after adjustment for age and visceral AT (P=0.06).
In order to verify the association of the R353Q variant with different parameters of the atherogenic dyslipidemia, allele frequencies of the R353Q variant was compared between groups divided on the basis of totalapo B using a cutoff point of 1.09 g/l, which represents the value used to classify subjects at risk to develop a coronary artery event (Connelly et al. 1999) . The frequency of the R353 allele was of 92.1% in the group with apo B concentrations below 1.09 g/l and of 85.4% in the group characterized by apo B concentrations equal or higher than 1.09 g/l (v 2 =6.18, P=0.01). According to these first results, multivariate models were used to estimate the contribution of the genotype in the prediction of the risk to exhibit increased total-apo B concentrations (Table 3) . We observed that the R353/ R353 genotype is associated with a lower probability to exhibit atherogenic concentrations of total-apo B (totalapo B ‡1.09 g/l) or higher LDL-apo B levels (LDLapo B ‡0.95 g/l) before (model 1) and after adjustments for age (model 2) or age and visceral AT (model 3). On the other hand, when the same analysis were performed only with subjects with visceral AT higher or equal than 130 cm 2 the protective effect of the R353/R353 genotype was lost (model 4, Table 3 ).
To verify whether the factor VII R353Q missense mutation alters the relationship between the amount of visceral AT and plasma lipoprotein lipid concentrations, Pearson correlation coefficients were computed within each genotype group. The most important correlations are summarized in Table 4 . The amount of visceral AT was positively associated with total-cholesterol, VLDLcholesterol, LDL-cholesterol and total-cholesterol/ HDL-cholesterol ratio, as well as with total-, VLDLand LDL-apo B levels and negatively correlated with HDL-cholesterol concentrations only in R353/R353 (Table 4) . After adjustment for age, associations between the amount of visceral AT and plasma VLDL-apo B or HDL-cholesterol levels were lost in R353/R353 homozygotes. After adjustment for age, in carriers of the Q353 allele, the amount of visceral AT was not associated with any lipoprotein/lipid parameters. These results suggest that the relationship between abdominal obesity and plasma lipoprotein/lipid levels is influenced by the factor VII R353Q polymorphism. Thus, because visceral obesity seems to modulate the association between the R353Q polymorphism and some dyslipidemic variables, each genotype group was divided into two subgroups according to visceral AT using a cutoff point of 130 cm 2 (Fig. 1 ). After such stratification and adjustment for age, R353/R353 homozygotes with low visceral AT were characterized by lower total-apo B and LDL-apo B concentrations than their counterparts with visceral obesity. The amount of visceral AT did not significantly influence plasma apo B concentrations in carriers of the Q353 allele (Fig. 1A, B) . Similar results were obtained with total-cholesterol levels and the totalcholesterol/HDL-cholesterol ratio (Fig. 1C, D) .
Discussion
The frequency of factor VII R353Q missense mutation among French-Canadians (0.11) was comparable to the frequency reported in other Caucasian populations from the United Kingdom (Green et al. 1991) and Poland (Hunault et al. 1997) , but lower than the frequency observed among Dravidian Indians (Saha et al. 1994) .
Most studies were interested in the association between factor VII concentrations and/or activity and the R353Q polymorphism of factor VII, but few have examined the effect of this polymorphism on metabolic profile. In addition none of theses studies tested whether the presence of an atherogenic environmental factor such as visceral obesity may modulate the effect of R353Q polymorphism on dyslipidemic risk. We observed that the R353/R353 genotype is associated with a lower risk to exhibit plasma apo B and LDL-apo B levels above atherogenic threshold ( ‡1.09 g/l of totalapo B concentrations). Vergnani and co-workers found an association between the activity of factor VII and apo B levels in a sample of Italian octononagenarians (Vergnani et al. 1998) . Apo B contained in lipoproteins is involved in the inhibition of factor VII either directly (de Sousa et al. 1988; Vaisanen et al. 1995) factor VII (Ettelaie et al. 1998) . In the present study, the highest concentrations of total-apo B were found in carriers of Q353 allele irrespective of their amount of visceral AT (Fig. 1) . Low apo B levels have been associated with a protection against thrombotic complications of cardiovascular diseases (Welty et al. 1997) . However, it is consistently found in diverse populations that Q353 allele was related with a lower risk of cardiovascular disease, and the lowest level and activity of factor VII (Green et al. 1991; Lane et al. 1992; Moor et al. 1995; Mansfield et al. 1996; Humphries et al. 1992; Stengard et al. 2001; Girelli et al. 2000; Wu and Tsongalis 2001) . In overweight and obese subjects, metabolic coagulation and fibrinolytic pathological changes are observed and may contribute to the pathogenesis of atherosclerosis vascular disease and to the higher rate of thromboembolic events among these subjects (Avellone et al. 1994) .
In the present study, we observed that the relationship between the amount of visceral AT and plasma lipoprotein/lipid levels is altered by the factor VII R353Q missense mutation. Indeed, the amount of visceral AT was positively associated with plasma total-cholesterol, total-cholesterol/HDL-cholesterol ratio and apo B levels in R353/R353 homozygotes only. Moreover, although R353/R353 homozygotes with low visceral AT showed a more favorable lipoprotein/lipid profile, mainly lower total-apo B and LDL-apo B concentrations (Fig. 1A,  B) , the protective effect of the R353 allele was abolished in the presence of visceral obesity. Carriers of the Q353 allele were characterized by similar apo B levels irrespective of the amount of visceral AT. Similar results were observed for total-cholesterol concentrations and total-cholesterol/HDL-cholesterol ratio (Fig. 1C, D) . It seems that factor VII R353Q polymorphism may have an impact on the development of cardiovascular diseases beyond its traditional role in the coagulation process and that the presence of visceral obesity may modulate the association between lipid profile and genotype.
However, whether a direct link exists between factor VII and apo B levels remains an unanswered question. Vaisanen and co-workers proposed a direct relationship between apo B levels and factor VII activity in Caucasian middle-aged men as they observed using multivariate analyses that apo B, dietary fat and apo AII explained 35.3% of the variance in factor VII activity (Vaisanen et al. 1995) . Carvel de Sousa and co-workers observed that after a standardized test meal, factor VII activity and concentrations, as well as apo B levels, increase in patients who exhibit abnormal triglyceride levels (Carvel de Sousa et al. 1989 ). In addition, factor VII was proposed to be activated by factor XIIa induced by free fatty acids resulting from the lipolysis of triglyceride-rich lipoproteins in postprandial state (Silveira et al. 1994) . The mechanisms by which dietary fats or serum triglycerides stimulate increased hepatic synthesis of vitamin K-dependent clotting factors or prolong their survival in the circulation are unknown. Plasma free TF inhibitor may constitute another pathway because it was found to be correlated with total-cholesterol, apo B and the total amount of factor VII in healthy middle aged men (Hansen et al. 2001) . Moreover, because the binding of apo B to TF inhibits the procoagulant activity of TF, apo B acts indirectly on factor VII (Ettelaie et al. 1998 ). The exact mechanism by which factor VII may affect plasma apo B levels remains to be elucidated. Fig. 1A-D In summary, the factor VII R353Q polymorphism, or another polymorphism in linkage disequilibrium with this genetic variant is associated with plasma apo B levels. Furthermore, the presence of visceral obesity may modulate the magnitude of this association. Thus, depending upon the factor VII R353Q genotype, visceral obesity may play a trivial or an important role in the etiology of the atherogenic dyslipidemia in men. Further studies will be necessary to confirm this association and the mechanisms involved.
